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SYSTEMS AND METHODS FOR PROVIDING TREND ANALYSIS IN A 
SEDATION AND ANALGESIA SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority under 35 U.S.C. §1 19(e) to U.S. Provisional 
Patent Application No. 60/415,524, "Systems and Methods for Providing Trend Analysis 
in a Sedation and Analgesia System," filed October 3, 2002, which is hereby 
incorporated by reference. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[00021 Not Applicable 

REFERENCE TO A "MICROFICHE APPENDIX" 
[0003] Not Applicable 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0004] The present invention relates, in general, to trend analysis and, more 
particularly, to trend analysis incorporated into the monitoring, processing, and output 
features of a sedation and analgesia system. 

Description of the Related Art 

[0005] A sedation and analgesia system was developed to provide patients undergoing 
painful, uncomfortable or otherwise fiightening (anxiety inspiring) medical or surgical 
procedures with a means for receiving sedative, analgesic, and/or anmestic drugs safely 
in a way that reduces the risk of overmedication with or without the presence of a 
licensed anesthesia provider. Due to significant advances in technology, the sedation and 
analgesia system is safe for use in hospital and ambulatory environments and may be 
operated by individuals other than trained anesthesiologists such as, for example, 
C.R.N.A.'s, trained physicians, or other trained operators. The sedation and analgesia 
system has gone far to meet the needs of practitioners who are unable to schedule 
anesthesia providers for every procedure where safe and effective sedation and analgesia 
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could substantially mitigate fear and pain. The advent of a sedation and analgesia system 
devoted to these purposes provides these individuals with a drug delivery system 
integrated into a patient monitoring system that decreases the cognitive and manual 
workload required with the operation of anesthesia machines, yet keeps the clinician in 
the loop of patient management. The clinician maintains ultimate decision making 
responsibility following a "clinician knows best" philosophy. This advanced technology 
allows for a sedation and analgesia system to be operated at drug level effects less than 
general anesthesia without an anesthesia provider, providing the patient with a cost- 
effective and readily available means of sedation, amnesia, and/or analgesia. 
[0006] An example of a sedation and analgesia system is described in U.S. Patent 
Application Serial No. 09/324,759, filed June 3, 1999 and incorporated herein by 
reference in its entirety. This sedation and analgesia system electronically integrates, for 
example, the delivery of one or more sedative, analgesic, and/or amnestic drugs, the 
delivery of positive airway pressure, decreases or increases in drug delivery, the delivery 
of oxygen, changes in drugs to, for example, an opioid antagonist, requests for additional 
information from patient monitors, and the triggering of alarms, with the electronic 
monitoring of one or more patient physiological conditions. In one form, the system of 
the '759 application uses one or more sets of stored data-defining parameters reflecting 
patient and system states, the parameters being accessed through software to 
conservatively manage and correlate drug delivery to safe, cost effective, optimized 
values related to the conscious patient's vital signs and other physiological conditions. 
[0007] Spurious monitored data or other factors may cause the sedation and analgesia 
system to take potentially hazardous action, to fail to take action in critical situations, or 
to alarm unnecessarily. For example, the sedation and analgesia system may be 
monitoring a patient's heart rate with an electrocardiograph (ECG) when the ECG 
becomes erratic. Based on the single monitor, the sedation and analgesia system may 
signal an alarm indicating, for example, a dangerously low heart rate, when the erratic 
ECG data is actually spurious. A high frequency of false positive alarms may annoy 
clinicians and may result in less attention being given to truly life-threatening conditions. 
[0008] Generally, monitoring systems incorporated into medical devices monitor a 
given patient parameter with a dedicated monitor. Safe data sets are then established for 
the monitored parameter, where if monitored data falls outside of the safe range, alarm 
responses are initiated. Such systems may provide high sensitivity, where most tme 
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adverse patient conditions are detected, however, such systems may also be prone to false 
positive alarms that result from data artifact that falls outside of the safe data set. 
Further, many patient parameters, such as heart rate, in the event of an impending 
adverse patient condition will drop in a linear or monotonic fashion towards thresholds of 
the safe data set indicating an adverse patient condition. In existing monitoring systems, 
such a drop is generally not detected until the data is outside the safe data set; however, it 
may be apparent from viewing a patient's heart rate over time that an adverse patient 
event is imminent several seconds before the patient parameter actually drops out of the 
safe data set. Waiting until data crosses established safe data set thresholds may leave 
clinicians to play catch up in situations where a patient is already experiencing an adverse 
condition. 

SUMMARY OF THE INVENTION 
[0009] The present invention includes a sedation and analgesia system capable of 
gathering data from a single monitor associated with a single patient parameter in a 
manner that diminishes the probability of false positive alarm responses due to data 
artifact. The invention also includes a monitoring system that is able to detect imminent 
adverse patient conditions, where such conditions may be detected before an adverse 
patient condition actually occurs. 

[0010] The present invention also includes methods for incorporating trend analysis 
into a sedation and analgesia system. In one embodiment such a method comprises 
providing a patient monitor to monitor a single patient parameter and monitoring the 
patient with the monitor, so that data collected from the monitor is transmitted to a 
controller for the sedation and analgesia system. The method fiirther comprises either 
inputting the trend into an algorithm of the sedation and analgesia system or analyzing 
the trend. Finally, the method ftirther comprises initiating suitable action based on the 
trend analysis. 

BRIEF DESCRIPTION OF THE DRAWESTGS 
[0011] FIG. 1 illustrates a block diagram depicting one embodiment of a sedation and 
analgesia system in accordance with the present invention; 

FIG. 2 illustrates one example of a heart rate trend display according to the 
present invention; 
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FIG. 3 illustrates a further example of a heart rate trend display according to the 
present invention; and 

FIG. 4 shows one embodiment of a method for incorporating trend analysis into a 
sedation and analgesia system according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0012] FIG. 1 illustrates a block diagram depicting one embodiment of a sedation and 
analgesia system 22 in accordance with the present invention having user interface 12, 
software controlled controller 14, peripherals 15, power supply 16, external 
communications 10, pressure delivery 1 1, patient interface 17, and drug delivery 19, 
where sedation and analgesia system 22 is operated by user 13 in order to provide 
sedation and/or analgesia to patient 18. An example of sedation and analgesia system 22 
is disclosed and enabled by U.S. Patent Application Serial No. 09/324,759, filed June 3, 
1999 and incorporated herein by reference in its entirety. Embodiments of user interface 
12 are disclosed and enabled by U.S. Patent Application Serial No. No. 10/285,689, filed 
November 1, 2002 and incorporated herein by reference in its entirety. 
[0013] Patient interface 17 includes one or more patient health monitors such as vital 
sign monitors and consciousness monitors including but not limited to non-invasive 
blood pressure monitors, pulse oximeters, capnometers, ECGs, patient consciousness 
assessment systems, ventilatory flow monitors, ventilatory pressure monitors, impedance 
plethysmogrophs (IPGs), gas analyzers, ventilatory temperature monitors, ventilatory 
humidity monitors, and acoustical monitors. The patient monitors of patient interface 17 
may be electronically coupled to controller 14 and provide signals representing the 
patient's actual physiological condition. In one embodiment of the present invention, at 
least one monitor monitors a first patient parameter over time, where the trends of patient 
parameter are analyzed to determine whether adverse patient conditions are imminent 
and/or to ascertain whether data is likely due to artifact or representative of true patient 
condition. Monitored parameters may include, for example, heart rate, carbon dioxide 
levels, oxygen saturation, and blood pressure. 

[0014] A patient's monitored parameter leaving a predetermined safe data set (e.g., 
heart rate dropping to a value that is considered too low) is generally preceded by a 
period of slow change, i.e., a trend, where that parameter eventually crosses the safe data 
set threshold (e.g., heart rate slowly dropping). Absent trend analysis, monitoring 
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systems will generally only alert clinicians when a parameter falls outside of its safe data 
set, often leaving attending personnel scrambling to remedy an already potentially 
dangerous siUiation. The trend analysis provided by system 22 allows for pre-emptive 
warning to clinicians to a potentially dangerous situation that may be developing. 
Further, if a patient parameter falls outside of the safe data set due to data artifact, the 
trend analysis of the present invention may allow for sedation and analgesia system 22 to 
recognize the artifact due to a lack of preceding information indicative of an impending 
adverse patient condition. Controller 14 may compare the electronic feedback from 
patient interface 17 with data stored in a memory device over time, where such data may 
be evaluated as a trend of information rather than on a point-by-point basis. 
[0015] Controller 14 may be programmed to control effectors (not shown) in response 
to the results of a trend analysis and/or stored data comparison. Effectors may be any 
suitable control feature capable of ensuring patient safety and clinician awareness. 
Effectors include, but are not limited to, drag decreases, drag increases, positive airway 
pressure changes, alarms, pre-alarms, oxygen delivery, triggers for additional data 
sampling from monitors, changes in drags to, for example, carbon dioxide and opioid 
antagonists, and patient responsiveness queries. Effectors may occur silently without 
alerting the attending clinician; they may be signaled by user interface 12; and/or they 
may require confirmation from the user before being initiated. 

[0016] FIG. 2 illustrates one embodiment of a display 30 depicting a heart rate trend 33 
from a monitored patient. In the illustrated display, a safe heart range for the given 
patient and clinical context may be considered, for example, to be from 90-1 10 bpm. 
Trend 33 may be established based on heart rate y-axis 31 and time x-axis 32. Display 
30 fiirther illustrates period 34 in which the patient heart rate falls within the safe data set 
(at 95 bpm) and precludes alarming the clinician and/or taking steps to place the patient 
in a safe state. Following period 34, display 30 depicts period 35 of trend 33. Period 35, 
given the established safe data set, falls outside the predetermined safe range of 
acceptable heart rate. However, given the lack of supporting evidence that an adverse 
patient condition exists, where only a single data point falls below the 90 bpm threshold 
and there is no sloping drop towards the threshold consistent with most traly critical 
adverse patient conditions, it is likely that period 35 is the result of data artifact. 
Alarming the clinician during the illustrated example would likely result in a false 
positive alarm, thereby decreasing the specificity of the monitoring system and 
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potentially annoying attending clinicians. Consistently initiating false positive alarms 
may result in clinicians becoming less attentive to alarms that may eventually be 
indicative of a truly adverse patient condition. 

[00171 FIG. 3 illustrates a further example of a display 40 depicting heart rate trend 43 
from a monitored patient. In the illustrated display, a safe heart range for the given 
patient and clinical context may be considered, for example, to be from 90-1 10 bpm. 
Trend 43 may be established based on heart rate y-axis 41 and time x-axis 42. Display 
40 further illustrates period 44, where period 44 indicates that patient heart rate falls 
within the safe data set (at 100 bpm) and precludes alarming the clinician and/or taking 
steps to place the patient in a safe state. Following period 44, display 40 depicts period 
45 of trend 43. Period 45 is a downwardly sloping portion of trend 43, where period 45 
eventually crosses the established 90 bpm safe threshold. In the illustrated example, 
existing monitoring systems may only have alarmed when period 45 finally crossed the 
90 bpm threshold, where such an imminent event may have been detectable earlier due to 
the morphology of the trend. As will be further discussed herein, by detecting slope 
variations in trend analysis, the present invention may be able to detect such imminent 
adverse patient conditions before they are full-blown, thereby allowing attending 
clinicians valuable time to ensure patient safety. Further, based on the slope of period 
45, it is unlikely that such data indicative of a decaying patient condition results from 
spurious data. By incorporating trend analysis into sedation and analgesia system 22, the 
present invention may be able to increase the specificity of patient monitoring by 
reducing the effects of data artifact while catching truly critical patient events earUer by 
evaluating trends of monitored patient parameters. 

[0018] FIG. 4 illustrates one embodiment of a method 100 for incorporating trend 
analysis into a sedation and analgesia system 22. Method 100 comprises step 101, which 
includes providing a patient monitor to monitor a given patient parameter. The monitor 
of step 101 may be, for example, a pulse oximeter to measure heart rate, however, any 
suitable monitor of any suitable patient parameter is in accordance with the present 
invention. Step 102 comprises monitoring the patient with the monitor of step 101, 
where data collected from the monitor may be transmitted to controller 14 of sedation 
and analgesia system 22 (FIG. 1). 

[0019] Step 103 comprises creating a trend based on data received from the monitor of 
step 101 . For example, FIGs. 2 and 3 illustrate trends created by coimecting data points 
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over time. Such trends may be established by any suitable means, where such trends may 
further be displayed for visual analysis by an attending clinician. Following step 103, 
method 100 may proceed to step 104 and/or step 105. 

[0020] Step 104 comprises analyzing the trend established in accordance with step 103. 
For example, such trends may be anal3^ed in the following ways: (1) if the trend has a 
linear, quasi-linear or monotonic nature, the slope of the trend may be calpulated to 
determine whether the trend is progressing inexorably towards the outer limits of the safe 
data set; (2) if the trend does not tend to follow a single (e.g., linear) path, multiple slopes 
for trend variation may be calculated to ascertain where the trend appears to be headed; 
(3) if the trend is polynomial in nature, coefficients of the polynomials may be calculated 
to ascertain the direction of the trend; and (4) using a least mean squares error technique 
and other such algorithms to curve fit the trend and predict if and when it will step 
beyond the safe data set. From such analyses, the present invention comprises 
monitoring the trend of any suitable patient parameter in a fashion that indicates the most 
accurate depiction of true patient condition. 

[0021] In accordance with step 104, based on the above analyses, method 100 may then 
evaluate the monitored trends against established safe data sets. Referring to FIG. 3 for 
example, if the slope of period 45 exceeded a particular rate, where such a slope is 
indicative of an imminent adverse patient condition, sedation and analgesia system 22 
may initiate a pre-alarm or other suitable action, as will be fiirther discussed herein. Step 
104 fiirther comprises calculating a probability value, by means commonly known in the 
art, for whether data presented to controller 14 is actually indicative of a slope change. 
Based on comparative analysis, if such data is reflective of a slope change, sedation and 
analgesia system 22 may then evaluate such data to determine whether the slope indicates 
an imminent adverse patient condition. Further, with reference to FIG. 2, such an 
analysis may result in the dismissal of period 35 as data artifact, thereby reducing the 
probability that sedation and analgesia system 22 will initiate false positive alarms. Even 
the incorporation of trend analysis into a single monitored patient parameter may help 
increase the specificity of sedation and analgesia system 22 (by decreasing the effects of 
data artifact) and help catch instances of adverse patient conditions before they become 
pronounced. Such trend analysis may also be applied to multiple parameters for sedation 
and analgesia system 22 with fiirther advantageous results. 
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[0022] Step 105 comprises inputting the trend created in step 103 into any suitable 
algorithm of sedation and analgesia system 22. Such a trend may be combined with 
multiple other trends from related patient parameters to further decrease the effects of 
data artifact and to clarify inconclusive data by the incorporation of such sensor fusion. 
Further, such trends may be incorporated as a feature of orthogonal redundancy, where 
orthogonal redundancy refers to monitoring a single patient parameter with multiple 
monitors simultaneously. Sensor fusion is further described in commonly assigned and 
co-pending U.S. application entitled "Systems and Methods for Providing Sensor 
Fusion," filed on October 3, 2003, which is herein incorporated by reference. 
Orthogonally redundant monitoring is further described in commonly assigned and co- 
pending U.S. application entitled "Methods and Systems for Providing Orthogonally 
Redundant Monitoring in a Sedation and Analgesia System," filed on October 3, 2003, 
which is herein incorporated by reference. Incorporating trend analysis into such 
redundancy may further increase the specificity and sensitivity of sedation and analgesia 
system 22 by decreasing the probability of initiating both false negative and false positive 
alarm states. Such trends may also be integrated into neural networks, where neural 
networks are systems of computerized intelligence capable of picking out complex 
patterns and arriving at correct decisions even if presented with an incomplete or 
ambiguous picture. 

[0023] The present invention comprises the incorporation of trend analysis into 
sedation and analgesia system 22, where such an integration may allow controller 14 to 
more accurately analyze data with respect to patient condition. By monitoring a given 
parameter, it may be possible to diminish the presence of artifact and to anticipate 
imminent adverse patient events, however the use of a trend in cooperation with trends 
monitoring a single parameter, trends monitoring multiple related parameters, and neural 
networks further increases the ability of sedation and analgesia system 22 to take actions 
based on a true picture of patient condition. Those actions taken based on algorithms 
associated with sedation and analgesia system 22 in accordance with step 105 include 
those illustrated in step 106 as well as any other suitable action helpful in ensuring 
patient safety. 

[0024] Step 106 comprises taking suitable action based on the trend analysis of step 
104. If, for example, from trend analysis it is determined that data outside of a safe data 
set is due to artifact (such as in FIG. 2), method 100 may proceed to step 102 and 
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sedation and analgesia system 22 may take no other action. Maintaining normal function 
in the presence of data artifact may decrease the probability of false positive alarms and 
may allow sedation and analgesia to monitor more directly actual patient condition. If 
upon trend analysis it is determined that an adverse patient episode is imminent (such as 
in FIG. 3), step 106 comprises initiating a pre-alarm. A pre-alarm maybe any suitable 
action taken to alert the attending clinician of a high probability of an impending adverse 
patient condition. Such pre-alarms may signal visually and/or audibly, and may include, 
for example, decreasing drug levels; changing drugs to, for example, carbon dioxide 
and/or an opioid antagonist; triggering a request for gathering more information from 
patient monitors; dehvering oxygen; testing patient responsiveness; and delivering 
positive airway pressure. Such actions may also be taken if the patient exceeds the 
established safe thresholds, where alarms for such events may, for example, be more 
emphatic than those associated with pre-alarms. By taking action early based on trend 
analysis, sedation and analgesia system 22 may alert clinicians early and potentially 
obviate many adverse patient conditions all together. For example, if a trend 
representative of heart rate indicates that heart rate is dropping precipitously and is not 
due to artifact, sedation and analgesia system 22 may pause drag delivery before the 
patient's heart rate falls outside the established safe data set. Such a proactive action 
may obviate or reduce the severity of adverse patient conditions. 

[0025] While exemplary embodiments of the invention have been shown and described 
herein, it will be obvious to those skilled in the art that such embodiments are provided 
by way of example only. Numerous insubstantial variations, changes, and substitutions 
will now be apparent to those skilled in the art without departing from the scope of the 
invention disclosed herein by the Applicants. Accordingly, it is intended that the 
invention be limited only by the spirit and scope by the claims as they will be allowed. 
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